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Abstract (Basic) : EP 631325 A 

The semiconductor device includes a non-single crystal silicone 
semiconductor film, contg. a catalytic metaU with crystallinity on a 
substrate. The crystal growth face is (111). The catalyst is pref. Nl, 
used in trace amounts, applied directly to the substrate or to the 
silicon film alter deposition. The amount of nickel added is in the 
range 10 power 15 to 10 power 19 atoms/cm3. The catalyst promotes 
crystallisation of the amorphous silicon film. 

The semiconductor film crystal growth may occur parallel to the 
substrate surface, approx. in the direction of carrier migration in the 
semiconductor device. The semiconductor device is pref. a transistor, 
with the crystal growth direction matching carrier flow direction in 
the transistor channel. 

USE/ADVANTAGE - E.g. active matrix LCD switching transistors and 
peripheral circuit drive transistors. Reduced temp, and shortened time 
for amorphous silicon recrys ta 1 1 i sat i on. 
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ABSTRACT 

PURPOSE: To obtain a crystalline silicon thin film with improved grain size 
and orientation controllability at relatively low temperature with high 
product i bi ty, by forming the crystal growth surface of the 
non-single-crystal silicon semiconductor film having c rys ta II i n i ty, to be 
formed on a substrate, almost into a (111) plane. 

CONSTITUTION: A silicon oxide film 21 to be a mask is farmed on an 
amorphous silicon film 12 on a glass substrate 11. The silicon oxide film 
21 is patterned to obtain a required pattern, and a thin si*licon oxide film 
20 is formed by ultraviolet irradiation in an oxygen atmosphere. Then the 
entire surface of the substrate is spin-coated with an acetate solution 
containing nickel to form a uniform liquid film 14. Heat treatment is 
performed to accelerate crystallization of the amorphous silicon film 12. 
During this process, a crystal horizontally grows from the region 22 with 
nickel implanted to the region with no nickel implanted as shown by the 
arrow 23. Thereafter, the cover silicon oxide is stripped using buffer 
hydrofluoric acid, and laser crystallization is performed. Thus a highly 
(1 1 1) -or i en ted film is obtained. 
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ctTS^ f, fcx -y y}mijammm^mm(Df^m^t<D 
[0 0 3 2] j*:(c, ^m(D-yy)u^mmta\^rzh<^(D 

^tLT. x-yyjl/^^JjnUfc«i^i. ^<Di5:m<D^^ 

1 7 1/ ab s \t^^m t^^n^ m^i^XMiz s tssa \z 

mm-^n. ::octtt^iaLfcx>y^r;i.s-5ti«-?-©S 

\^^%<Dtmmiz&mzmimmz^^^^^&-r^ z.iz-^ 

[0 0 3 3] ;ine.W31**SfCi¥*H{ClKHJ-r-5±-T?^ 

^^mmmx\%^^mxv<rimm^^^^'^xmn^■t 

•SCttC-r^. {h k 1 } (hkl)MlC^ 

\z <h k 1 > Ch k n tt^C^fli;^tt<£:^T■^^ 

tz^Oi^^-t^^X^^. 

[0 0 3 4] x-y-^;i/<&^snbfc^j®©ie^®«saj^si 
®s«^ms:^-r.' s-r, -yT)\^^m.mkmm^\.x 
^^fs.\j^wmfi^m\L-t^^i^^m'^^m^x^r>fz(Dx 

^^^( *^t^r)$l^ntz^^x\t.^u.^^^vc\t.nf:>n'r. $^ 
^mm^tm^) tcoi^^T. x-y^r;u©}g^^s i ms 
( -A^^ymm^mm \z^r^m^tz^. mu\z^r 
ct o \zi^^^m^\t- y ^)vmmma^^f^ e '>fi 
m^^m^n. i¥^mw>^\t.-m.\zm 1 m'Mi.^'^mti^mm 

^nfco •r;ic*3-^. x-y^;Hl*^;^OX£:«EHicjgoTi!£ 

•5, 

[0 0 3 5] ^f. 8 0 0 A(D#f^SSm^fflVi, X-y 
^)V^ma\^tzmm<Di5.^(D^mT E M^^EII SIC^ 

r. m^K)m^f^fs.^o\z. ^mmu. iisomofc^H^c 

^tgTEMS.OtTEM-EDX©^m*^e,. Cirog5^}-/5t 
N i S i, TfeoT, «ga<Ofig:g;^[B]tC*fLTiiitiCN 
i S i, S*^#febTti-5 (;itl«)KJPfCJ;oT^*5^ 

;5^#iJs^bTV^^o c:cD»SlC®ll&¥fT75:«J6KStt, x>y 

fs.^\z]i.m\yx^^m^^x-t^z.h'hn-:>tz, mhi. 



( 8 ) 

13 

T. 5 5 O-C, 4B$FB^{Ct3UiT«*D2 0 wmigScojsKS 
fiLfeffi«t3,^jCOV:>TCDTED/1:ii'-> («^^[nI»T 

^aii^©W;^i»i*^ (111) :i^iP]Ta&-5cit*ifc5&^ 
[0 0 3 6] e^JiOHg^^Htcs-:?^, ^a^m'E.ltSikT 
[0 0 3 7] ^■rfiSfi£St'':PViT#;^-l>i. ^^-fbO^D 

n.^^m'^WL^^nnn—'D (n i s ) is^-> 

[0 0 3 8] S1S{C;j<JF*i6]«, mM.-}3 

-e-cDfigs®©:^io]tt (111) t.fs.r). myLviz o oa 
(111) izfs.^, ^^:icDJ®-&fcSiSjaS^(i— i*:5t; 

[0 0 3 9] ±tB^-;/y;uSi[«^iogB^>i-^oia 

V 'T )V(r>WiX\m^W&<Dmz.l O"atoms/cm' 
~10"atoms/cm' t Lfc«-&tCfi, z:-;/ 



4tPa¥^7 - 3 2 1 3 3 9 
14 

[0 0 4 0] -^-nJC^L. 

y;^^»»^^JDap^i■<i:it!KbTlttfJ^^±^<. ^att^^r* 

[0 0 4 1] ^fc. ±BSSl3tC5^-r#f«cfe-5)li(ittttfC 
*T3&STEM^XSrl2I15!C^-r, Bll5iC«, -^©SffiSB 

iciiv^SC^J-*«3inT*3 0, c:cDge^i-«H(rai©3iDN i s 

[0 0 4 2] -eci-C, *?giifflSTB8*-r^^l^cD^:^0 

[0 0 4 3] :i(Dm^mmz^-Drz:/j[^\t, ^m^fzit 
8 0 0 A©M/P«c*3i/iT« (lEfitfcfi, ^nUA± 
(111) ©W*fS]{C^S'l4Sr*r-r-S.*[S]T'^5D. ^e. 

^ u T cDffin^:&(p] t scf -5 c t «Bii-e^?> 

<D:^fiit^^ 'J T®Sittl^;^|fi]<i:«± 2 0 ° S^WSSH 
-e$)ntf— SScLTti^i*-;^-r^<h<i:L, 8 0 0A®# 
asa^M ffl V i fc:«^ tc tt^^ cD^H A T V i 

[0 0 4 4] 'Aiz. nn^um'i^^(Dmm^mtz-z>\,^x 
iKBj-r^o mmytm^mxi.T^mitt:mvrcu.miz':3 



( 9 ) 
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[0 0 4 53 • mmTcm^^mn'^mMmo^mmizmx 

[0 0 4 6] ^LT, ±^<D/'^y ^^it-^^tdt 

(111) mf^^wt= 1 <— ^) 



16 



^-rJ:e>i3 (111) Ei^alt^^««rs::<htcL. 

(Ill) ErS]tt*^ftVii:V^^S^€:±ie (111) E 

«±l2^SfCt¥5i (111) El^it^TJiO. SSi^it 
0. c:©lt^cDm-h®lt**^*nti (1 1 1) SBiSjt 
|lf^■T?feFu1S^^7a:^ii:#;lfc^-e&^) t-r^:i<h{c:L 

[0 0 4 7] 

[Sfcl] 



C2 2 0) I2ien¥ftifc= 



(311) i2(ql??ffiji: = 



K?^g> ( 2 2 0 ) g> ( 1 1 1) izm-?>mti^m 

(220)©(1M) {rSt^Sffi5i*SE 

imo (31 1 ) g> ( 1 1 1 ) izm-^mn^m. 

( 3 1 1) © (1 1 1) {=**^SffiStSSK 



(111) ffii»rit;^= 



(111) 



(111) BEfRi#iEtt+ (2 2 0) iara]fiF«Ett;+ ( 3 i i ) E(Bi#«EJt 



[0 0 4 8] ^LTd© (111) BH|fi]it^<&«fCi?« 
Lfc^^, Tga«l, «2. ^3. *4Si;JSl(D^;5: 

[0 0 4 9] 

mi] 



[«3] 

















Sfe< (ill) 





[0 0 5 0] 

















3ft< (111) 





30 



40 



(111) lElSj^ ->/J\ 



[0 0 5 2] 
[«4] 









®BS ( 1 1 1 ) 







[0 0 5 1] 



50 



[0 0 5 3] i^. i^m:>5mtm^iz^^nrz/'^'7^~^ 
m<Dmm^itnT^^mzi=\,^x\i. ±mizmitmm^^ 

7i V iSlfiKS T'D ir 7. 2r^^T^ ^ * O C D S O G 

&:fo±:7.ii\tm\zm.t^mtamm. m^a&mm) co^^iz 



( 10 ) 
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18 



-r-5) 5 ox:8mm. ■f-©^®^— tf-^Sft (m 

BJtgT'a&^) *3 0 0mJ/cm' tVfZo 

[0 0 5 41 «i n, «"f(c5^$nTVi^iiD. mmm 
-5 fctt TiHr^a'ttd^ife < sifs s t -5 ^m&^fim\^t>mm 

•^tl-f, iijS(Dmm\Z^^^TlSLm^^=^m^Vtzi:ZL 10 
[0 0 5 5] «2«, 

Y=E)iy77.'>v =i>(^±izmtmm^^mv (tj/-^- 
±mizmtmmm(D^^^B!i&^6^it. mmz^ 

(MJ¥^fe#tt(Ct3ViTtt^ai) Sa^^t' (11 20 
1) IB[nH4^£*LTV^fe. 

[0 0 5 6] «3ttM;P&?¥14{COI,iTT?&^*^ JK» 
ttS 0 0 A75^?> 5 0 0 0 A(C-:?ViTllg^$^fTofc<i:Cl 
^. eiJ5£SSP^J-{C-r)ViTttM;P*«»l,ia<i: (111) IB 

\^m^^<T'^t\^^vm\^mt-:>^K>tmm^nrz, c 

cc»F*3. 4 0 oA*^e.8 0 0 Atc-r>ViT«ig9lc:^$n-5 

f^\tmm-^nf£-ib^-z>rzo «4««ifi!cft7'p-fex(r*3Vi 

J¥tCj:0-?-©E|S]tt35t^^<b-r^:i&^{Bin*j (111) 

(111) Eraitt*^§s<, i^izmQ-d^i^h^KjRm^n 

-5)J;-5{c, 8 0 0 AOTTttA^;^03SVi (ill) EtS] 
MJP*8 0 OAe^Tt-r-SHttCJc-DT. (1 1 1) E 
[0 0 5 7] laitt, -y^Jl'O^mMm 40 

©tt^^^RLfcfe CD-cab^. c:®ia<to. (i i i) IB 
tmm-^ti^, ^tz. z.n<h\-i.u—^-m^itmzmm 



't<Dz.ii\t.mmmt<Di^i:>r)\z^mum.'Basimm 
nm^^?Lxv-^-m^itm\zmm^^x^9^i.rzm 

^S:^;lX^>iaHt©ffll^di^5.n-5 C tic J; 0 5t^$n 
tz. 

[0 0 5 8] :k\z. ia{cti^bTVi75:t/i3i^ 

CD a T' S> ^ 76^ « i^^E * -C © t ;i 5 W b T V i 

l/i. ) «H-X«Srti^T{-iinT. 3 3um>Oie,2 0 

[0 0 5 9] x\t. ±m<Dmmmmt.iic:))mfs~mM\z^ 
moBm^. mmBumcDmziicomm^mzt^x'^x^ 

m.t:m^-r^iiEiT(omizr£^o 
[0 0 6 0] sicD^mtcov^Tti. rm^mizmmTv 
mtrmAVTzm-^izit, m^±-r^mztxizTm(Dm 

m^^i-fXiiK). ■:ico?^j^X (1 11) SOflJiUztt^pJ 

[0 0 6 1] «2©^*(COtiT«, m.^^^'^\t.±M 
E.yJ;<j/N*-®SEika^<tJ*«b;5:>6if.^£*TS^. ^tl 

[0 0 6 2] «3®MJ?^fe#ttlC-ptiT«, ]^J?*W< 
i:©|^M<Dx:r-jl/^-©tk^7&^ffl*fWtC'(STb. (1 1 

[0063] ^4©2 t3©«J5KS (±® (CKfk^^iKjOi 

W-s-fowtftiVife©) ©^^{coviTtt, ±®5iWba 
*T-ai:)nfc=b©«. ^^<i:bT±Ti^^<fc^*THS 
nxti-Sdiii/^D, ^©l!^®^S^'ft^-&-5'^< (1 

1 1) ier«ai4<t75:-2.fe©i:#x.e.n-5= ^ntc^fb, ± 
^'^xzu^^tz^^ntzVi^-n.-Mi'^^'^Ki (1 1 1) uA^i- 

(c. ±® tc®!^k^^©*EVi«fieg:/n-fex tciJV^TiJ, 
MJl<i:iai«0tt©rBl('HJ«i7j£ffiM*^*a&-:);^c:. «31x.«5 0 0 
A©^^SSS^^fflVi;t«^{c« (2 0 0) ab^v^fi , 
(3 11) ©BEl6ltt/6^3S<««5nfc„ ^niC^liT 

«. iigffl#w;^cC^*T, wmn\zm-tm£.-^%i^^ . m 

T-^^. IP-^, ^a©J«a®5 0 1 *^ti«5 0 6tt 

(111) MTa&o. cn«^(c— c:©® 

Ti^SISJc^f bT£©^;&:Ag^^* bTi/i^35^ii-?-©MJ? 
{CJ;0{5{S-^65(C^Sr^tV^'5*)©X-fe-5. ^^©iSg 
mK;P7&^^{tiTtl«. 0il^«8 0 0 A©]KJPfC*3UT 
tt. aa>tt±©«£Sfigft;^|fi] 5 0 4 tigSfigfiSS 0 1 
HatSSiST^O. ^©^IIEiaitt (SBl^tttSr^fcil 



( 11 

19 

<i 1 1) mizm\a.t£:i3\^Amm^n^::ti,zu^, u 
i-f±(Dm^^&:&\^5 0 5 t\tmm.-c\tu< . ^©i^iB 

yi^um^iznuavx, u—^f-m^^t^^ (i 1 1) sa 
■=t(Dmm^ismzmi^tz^<Di>m2X'$>^. m^<DAit lo 

Ofcl^-lf-MSfkbfc (111) i2ffiH4©ge^i-*«^V^ 

-^-i^mthit (111) m\pi(ou^ti^^iifs.\,mx 

$-ar-5t-Sn. (Ill) g2|fi]Jt^*tK<;^cS^:i:*iW 
ii5«?)^3:i75t (1 1 1) SBfajlt^SriiSS&^CttCtt^L 
[0 0 6 4] :;^tc:^S(c-pViTtt. ItiSCDi^^^iiB^t- 

[0 0 6 5] J;oT::n€.^^ tai^i. iSfi^SftR 
[0 0 6 6] S-rHtiatbTX-;/^r;Kcf^«$n^M« 30 

©^tcM«7E«<£a«<c^Jp-r^ d 1 J; D ^^ibfi* 

[0067] • (111) ^\^mm^^m^mz\^^m'^ 

tb*^/jN$<-r'5„ ^<D:^m^m\'^^^t\z^K). (1 
1 1 ) ia[^i]Jt*?: 0 . 6 7 ~ 1 roFa^-effistc^jffli-r-g) c 

[0 0 6 8] • 5>5'A;^]K^»fcl/iJB^ 

[0 0 6 9] • ±|B©4'FB^©i5lS]14&*-r-5i^*#Act.i 
^m^iZ-r^o Cl©yD-trX^£fflV^SCt{cJ:0, (1 50 



) - 3 2 1 3 3 9 

20 

1 1) Eisitt^i&o. 3 s-'KDr^x^Mizmm-r^z. 
t75ipjtiT*-5, z.<D^^i\:ti:m^m^umiz-r^:^m 

[0 0 7 0] • ^CDte(DBH[6]tt<^]^<£f#fcVi«^ 
JltLT«8 0 0 A*^e> 3 0 0 AigS«rB^T^fb$i±-5 

iWrRit-Eg;o^-r<. *fc3 0 oAiJ^TTtisg^jEKSd^a 

[0 0 7 1] ^S®!KS<&^;t^^®<i:bT«et 
[0 0 7 2] • < rs«-S-> ^JaT^Mi«7c 

[0 0 7 3] ±ts©»<«7E^©^jn»^$ijp-rso 

T ^ ^ «tu8BM«S7C^®^Ja« fc J: o T-«e<J tcg^^ 
[0 0 7 4] 2p:^HJ{t*5ViTti. tti^TC^ t LTX<y 

<tJPt, Cu, Ag, Au, In, Sn, Pd, P, 
As. S bSrfiJ^-r-SClid^-rg-^o Ctie.©7C*«S 

[0 0 7 5] sfc. mmKm<DM7^-)5mt. imm.'^y 

[0 0 7 6] Tt4««{C. ±3ai©&a<|#14Sr®^Afc± 
T © jSffl ^Iff t L T « T F T ^ COffii!) (Cffl ^ T ^7 

•5 ;i t d^asT' -s , i^%^m-v T)\^wmms^ y □ 

--;/^r;i/SrSi»^Jnb, 5 0 0~5 5 O-CgKT^ 



( 12 ) 
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22 



T«. hm^mr^nmh9>-:^7.i$' (tf 
T) ®««j^±tc^-r*^ *Hj«ffl»TH^-r^^?^tt, If 

[0 0 7 7] 

•y'Jr^l.Sr^AL. mmSt^nt)^. (Ill) ElSJtt® 

[0 0 7 8] m^\z:^^m.m\z^n^^mTM<Dm^^ 
^-r, ST. :^f^x»mi 1 (zi-->y7 0 5 9, 1 

Ocm:^) ±©#^SS^5^M12 (t'^tTvC VDCO 5 
OOAcdK) ±{::-7X;^t;^-5^'fta5gl^2 i (;^>'\*- 
g^-fba^) * 1 0 0 0 Aiy.±, ^1 ci-rtt 1200 aoji 

[0 0 7 9] ^LTa#cD7;i- huy/i^'-->yxs 
(::d;-pT, £>Si-r^>'t^'->tcmfbS^M2 1 

n>yT-5. ^LT, mMm-mm.mz^n^m9s-mo^m 

COjp$«2 0~5 0 A@St#;^e.n^, (03 
(A) ) 

[0 0 8 0] CCD4^»JC*3ViT. 1 0 0 p pm(D;::i-y'ir 
;U^^*Lfcif^l^^?g^5mlfiST (10cmAS« 
-r^o ^fcCCD[?K. XhftJ— 1 5-e5 0 r pm 
-ei OS>®Xtf>zi-h$fTti. SS^Sife^tCl^— 

Ufc^Xtf:J— ^fflV>T2 0 0 0 r pm. 6 0#©;:^tr 

0~ 1 0 0 r pm©lHjeS:$-&;'S:*te.fT7S:oTfcJ;^i. 
(03 (B) ) 

[0 0 8 1] ^LT5 5 OS (S*l?Ha) . SB^Pal® 

iPl^jaS^Jg-r^itlcJiO, I^SKSP^M 1 2 (D^Sft 
<&fT-5, CIW^. n-y^rjL'd^'^A^nfcgg^J-2 2®ffl^ 

m.m.^t.my5\^\z^^^^mti^nt)n^. ^taiw^#-c« 

300mJ/cm' ©/I"?— ^^TK r 
1/— If (2 4 8 nm) j;^ U— lf-iS^{b<£fT-pyS:. 



[0 0 8 2] c:©^lc:LT#6nfc->'J=i>M'S:X^t5] 
m^^^X^tzii^L^. ( 1 1 1 ) SBlSltt^jO^ 0 . 9 1 

It. (Ill) SHl^i]tt7&^#«ici^iulK*^#e.nfc, ^ 

[0 0 8 3] C*il«»J 2 ] **i£«»Jti, 1 t±< 

|5|— (D:/D-tXS:fflt», #^SS^^^K)IS^J¥COiz*.S: 4 0 

0 Ats 0 0 AcD2a»-iri*b;/t«RJTS>^. 

[0 0 8 4] ^*<tbT«. X^lHl^>6^e>*Si)fc (1 1 

\) m\«\)tmz-D\^^x\t.. A 0 0 kouPtn.mi . ot 

10 (111) SHr6]®]^T$.D, 8 0 OA<DSti|s|. 

\tQ. 7 2 0 t 5 0 0 AtCjtRLT^^ (1 1 1) IBr^ 

[0 0 8 5] C*ig0«3) ^HiS^ijTtt, !Sa^k^l?)ft 

x^ti^^mz^samz^Ktmrnt^'^. 
« Ma! CD i2tt 43 V i T «<?i!fie* {c * D , it g^fig 5 > y 

[0 0 8 6] 05<&fflViT. tti«7£* {Z.Z.X\t=.-y':r 
20 ;i'<&fflV^S) S^A-r^td^ST-SrUiHJ-r^, *IISg 
0iltC*5ViT«. Stel 1 tlxXn — ->i;^7 0 5 915^ 
*/i-?-©;*c^$til 0 OmmX l 0 0mm 

[0 0 8 7] *-r, #ftK^^mi 2*:/^XvCVD 
ffi-^LPCVDffitrioTl 0 0~1 5 0 OAj^^-r 

1 2S:5 0 0AC9JP$Cfi£li[-rs. (0 5 (A)) 

[0 0 8 8] -^LT. fi5nRt;g^S?'ft:iK*5tOI*<fc 

i6!r:7 >y®f«as^ff "to^mm^tm i 3 ^ i o ~ 5 o 
30 A\z^m-t^o mtiiimMx^^m'^izit. wtitmi 3 

[0 0 8 9] ^i^^^tiKi 3\tmmo:>rzibiEmu 

:i:ixiimm^mm.'px(Dvvyt(^mmz^r)mtmi 
3^fi£M-r-5. ^m^mt, mmnmm.'piziii.^xuY 

5 ii-Pp^MS^r S 1 11*5^ TfT75;o fc. ^1 ©SE^tM 1 

* :/5ii^®?<t7jc* [C J; -5 J; ^ fc ® T fc i V i . 
[0 0 9 0] :i<Dmitmi 3tt. ^©zl<v'5r;^^■^^fc 

izmmmmm^n^&i'it^rztb. ip-^?inft®efes© 

[0 0 9 1] n-y^r;i.©Sl^i^7K^?S^f^Sc 
x>v^r;l'WJgSti2 5 p pmt-r^o -ebTd^pSfig 
^?g^#^ftKS^IK 1 2 jKDgf-fbJi; 1 3©^®IC2m 1 
50 mTL, *]Kl 4Srjefi£-r^. ^ c:©<^®.$' 5 ^J-P^^^ 



( 13 ) 
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Jtr-S. ^LTXt;±-$rfflV^TXtf>h*^'f (2 0 0 
Orpm, 6 0g>) S-ff^. (12 5 (C) . (D) ) 
[0 0 9 2] B^SE^?g+lC*tt^n-y^r;U©JSS«, 1 

T. ^lHl«2 5 p pmtbfc. ^?K<i:LT2-X 
[0 0 9 3] :i<D=.y^)Vmt&CDm^JiU^^ 1 lH]~ffi 

TiVi. *^Ji«aj(c*3ViT«m#I5II^«l!HliU;/S:. 
[0 0 9 4] JitB^?g©mHlS®?S, 1 5>rB^-5-©iyiMSr« 

[0 0 9 5] -^LT, io^iptctiViT, ^mnm^<p\z 

*5ViT5 5 0«. 8B#FB^OiDi&«!lSS:fT5. IK^^:^, 

SSI i±iz j^^-^nrz-mf^m^^m-r^^mnmi 

>fcf:i.-^*fflVifciii^»*ff7&^^.*i*Actc:5, 9 8. 

8 4 %-C&r}tz. 

[0 0 9 6] ±m(Dmmmmit4 s o«j^;±©as-efT 

[0 0 9 7] *^JS«?iJlC*5ViTtS, 

waiwao (i i d EisjttT&^^stciis 

< T L S 5 ;i t (caicT-5!£:^S*^35^. 
[0 0 9 8] Sn^jastriO-SPiSgffi'tt^wr^a^K 

1 2 *t#fce>, K r FX^^xT^— tf (&g2 4 8 n 
m, /i;UX*i3 0 n s e c) ^•S^flffl^tlatCiDliT 2 

00~350mJ/cm' O/^^-s^SlrScva h> * 
^S£«iyT«3 0 Om J/cm'-ei ->3 h-S8Stb. 3t 

^iKi 2$^^(c^a<t:-a-L.ii6«>. z.<Dj:m\t. mf^^ 

[0 0 9 9] Cl®^iCbT#^nyc^S14$:*-rsam 
HGlC^-To (111) (2 2 0) (3 1 1)CDtf-;^ 

Am^^o t®a!i;^n, ;inic-pviT (i 1 1) Ei^it 

^^ft^T-StO. 4 0 5 i:;5:D7>3^A7S:ffi/5^^&a3l 

[0 10 0] immm4) *i£«»j3tcfevi 



24 



«, H4afigS^#S'4P$r4»fc«t 1 6^Fal0DtlCD2O 

10 life. ;(>:{c^-if-^S'fb^oe^sf$r-fe=ix<>^^SE 

«»J 2 cD«-&iitSLT;*c^< TS d t^^'^tgT^&S cl t 
[0 10 1] MIC. U-— 1f-^ffift^©tii|SF^X«glHl»r 

sfT-DT^5)-;'ii:j:a. mm^&fi^4mmo:>mt (i i 

1) i3[p]Jt^d^0. 7 sot. ( 1 1 1 ) B3lS]ttOM*^ 

lt^*i0. 4gStCiSTLT*i«3. ^ >yA;5:mi:75:o 
20 TV^^c. 

m^mmi.xi^mi.tz^^i^mmmt:m\'^-c. tft^ 

y ^ XMO^S«^ga® K "y-i n-m^^mm^ifi\z 

m^^^r-iztfi-C^^. tm. TFTC9J«;ffl^HtLT 

[0 10 2] m7 iz^^mmoipmnmoymm^^-ro 
s-r;y5xa«i i jidTflsoK^t^^M (s^-b-t) 
30 $2 0 0 0 AcojP^f'fiicK-rs, do^^b^^mtt. 
5 X e> ©tSftl: ^ W <rfc «6 (c ^ e> ns o 

[0 10 3] ^LT, ^^ftKS^I^^^iS^Jl tl^it^S: 
;^ffiT5 0 0 AWff^tCfifeMrSo ^LT, i.^if-ftM 

^mK)m<tzib(Dy-ywtmmcD'^, M\'^mitm^2oA 
mm(Dm-^iz^mnmm.x'(Duv^(Dmwz^-oTs$.m: 

[0104] •?-LT25p pm<DX-y'Jr;i/$:^#Ufcp 

40 tf>h*7-r<£fTP. 't(DW^yyTy-yWt\z^-:>xmt 

a^M2 0 t 2 1 f:SlO^#, 5 5 OS. 8R#rB^©lin^ 

1 tr^Lfcf^S;&ffitiRii;) 

[0 10 5] ±tiiximmm^nv^nz^^x. 

Vk— tf->t<&2 0 0~3 0 OmJ/cm' , 

TttS 0 OmJ/cm' TSSStf -5 31 <»: J: 0 . ^SfeM 

50 ViT«. S«^4 0 o'castcipf^-r-So ::<^xSJ;-s. 
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[0 10 6] -Aiz, fs^it\^t=.mmm^/-^i$'-->ifh 

15 OCA, :L:i-viti 0 0 0 Acom^t^mmi 0 5^ 

(0 7 (A) ) 

[0 10 7] ±sim^t^mmi O 5<Df^M{C«ffiTt75«iii^ 

tcS«M«l 5 0~6 0 CC, »*L<«3 0 0~4 5 10 
O'CT. RFy^X-7CVDfeT5i-^ • Jti«Lfc„ TE 
OS<tm3gOBE:^tfc«l : 1~1 : 3, ^fz. S.t)\t 
0. 05~0. 5torr. R F/l^?— « 1 0 0 ~ 2 5 
OWtLfco ^fe-5^i^iTEOS<£:^ii|S^<^:bT^l/>;yx 

S«ja*^3 5 0~6 0 CC. iffS b<tt4 0 0~5 5 
O'CtLTj^JSKLrc. ^]^^. Kmfeb<li^y>0» 
ffl^T4 0 0~6 0 O'CTS 0~6 0 ^T^—JlVtZo 

[0 10 8] C^t^MTK r FX^v-V— 1/— tf— (iS 
42 4 8 nm, /t;UXi|ii2 0 n s e c ) $.-5)Vi«-^nt 20 

m^f3i^yt>S:mttT^ ;i tr. ->u n >fSJ^ i o 4 

[0109] ^(O'i^, m-^ 2 0 0 0 A~ 1 M m©7;i^5 

Z"^^— — >yL, y-l" 1 0 6 S-J^fiKT'S. TJUS 30 

-'?AtCttX:*>5^':7A (Sc) 5:0. 15~0. 2* 

7. l~3%OS5^©X5^l/>yUn-;i/}§M{CS 
1500-3500 A. m^it. 2 0 0 0 A(D»11^-fb 

mi 0 9^mBS.-r^> my (b) > 4o 

[0 110] -t©^. -f:^>h'-t;>;yS (y^>CvH 

:7^> (PH, ) ^m^^^. K-xati. i~4xio 
"cm" tr-s, 

[0111] ^ 07 (C) tCS^Ti^iCK r FX 

^zy^—U—"^— (&S2 4 8 nm, /t;PX<>i2 0ns 
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^^I'^-^ati 1 5 0~4 0 Om J/cm' ,»Sb< 
«2 0 0~2 5 Om J/cm' Cl-pbT. 

(P)^j^i0 8. 1 0 9 ^j^^-r^. citie.© 
Mtto->— hffijrL«2 0 o~8 0 ooyatfi^o 

[0 1 1 23 Cl<DXSiC*3ViT, k-if-3>t<&fflti-5f^ 
t>0\Z. 7^<y->i^>y^«efflbT@B#PBl{' 1 0 0 0 
~1 2 0 0'C (->U:n>^x^-®iaS) ST±#$ 

it, un^mm-r^, chx-rta c^tf-^ h --y— v 

)V'7——)V) (RTF. 5fcf-> h • -y-— v;!/ • ya-tr 

[0 113] ±®{C®FB^i^ig:i^ 1 1 OtbT, 

TEOSSrJlilsfirbT. ein.tm^iOT/^X-v'C VD 
ft, fcb<«:ty>tOMffiCVD}*^SVi«#JECV 
DfeJCj;oT®!'fkS^M^/?$ 3 0 0 OAj^^-r-5. « 
«MS«2 5 0~4 5 or, 01J;^ti. 3 5 0*Ci:-r-5. 

mmzmmr^o mi (d) > 
[0 114] ^bT, mmmmmi i o^x>y5^>ifb 

T, 07 (E) {wS^-rj;^{CTFTWy— X/Kl^-r > 
(cn>^'i7 h3t:-;i.$rJgJ5£b. dA t)b< ttg{t;5^^ 
>CDi2«gll2, 1 1 3 ^rJ^fiST-S, 
[0 1 15] *m4'T3 0 0~4 0 O-CTO. 

l~2P#FBl7x-;i/bT, ->'Jn>®7lc^{t:S:^7-r 
-5, CICDJi'SitCbT. TFTdt^^f-So ^-bT. 
lC-f^S!bfci#gcK)TFT$r-7 h U ^7.*efCiH^mbs6T 

dOTFTtt. y-X/Hl^-OM^l 0 8/1 0 9 t 
=^^r^)V^l^W$.l 1 4$:#bTV^^, * 1 1 5;{»^N 

I <Dm,%mm-^^»t.fs.^. 

[0 116] *||J6^J<D«fi&€:«fflbfc«-&, 
\Z^^-t^-y'r)V(Dm&\t. 3 X 1 0" cm-'g*$. 
^Vitt-^-nJKAT©. 1 X 1 0" atoms cm-'~ 3 X 1 0 
"atoms cm''T$.'5<i:#^e.tl-5, 

[0 117] *IISS^JTfP»!$nfcTFT«. ^idft/^i 
N5^-^^JUT7 5 cm' /V s £/.±CDfeO*^#^nTli 
^. SfcV,. fe/h$<^$f;^iit^ttSrWbTVi-5::<i:/&^*m 

ie[p]tt*i5>yATfe^fcJi6, 5^A*-r7.©«if^#tt 

*-SrfiJfllbfc:©-&{Ctt. N^-v^;i'^-ei 0 0 cm' / 
V s&.±.(D^(D^^^\Z'^^ZLiimx^^ti^. A*5!y + 

[0 1 18] c*M^j6] mmm^co-v 

^;U«S*1 ppmtb. iSSiKLS*:^#<-rs«fi)£T 

[0 1 19] f^^tbXti, i^IljS*iN5^A'^;UTl 5 
0 cm' /V %\^±.<D%(r)i)m^ntco dtlli^ffiiStS 



( 15 ) 
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(111) iei6]'lt€:S.-5eS#LTViSfc86, ^;^-( 7. 

{c s:^tt7jfi^ i; T L ^ o ;t nj^giidi^ -5 1 it iii $ n -5 . 
[0 1 2 03 cuss^jTD *iiis^jtc*5UT«, mmm 

^^^i^ff iH140±75^ ^SaiTif?^ L u^fiKtr^ C i 
^fc, #SMamM©Ji[;P?&4 0 0 At-r-5 
:ii:{Cj;-:jT, BlS^^JC (111) iB(R]14©IK$;|§^ 

[0 12 1] ig8{c**j£0ij©f^®!ia$s^-ro ^-r. 

S1S2 0 1 i£i^?l>b. TEOS (5"H^ • xK:^-> • -> 

Xm^ 2 0 0 0 A®®Sft;3SPg®T«fi]K 2 0 2 ^J^j^f 

-e-LT. :/^XvCVD}*{CJ;oT, ;i$3 0 0~ 20 
1 5 0 0 A, *m£«s|-eti4 0 0 AoXtt ( I M) CD# 

SKS5^M2 0 3^^mr^. ^^\zmmmzw^ 500 

~2 0 0 OA. 0 0 0 A®®E'fta^i^2 0 5$ 

■fyX-^CVDmzi.-o'Z^mt^. ^LT/SE^tS* 

[0 12 2] ^LTllSS^J2 [-:^brc^ffifCj;0^a^t: 

dcTtiifi?:^^^) ^^ij-r^. mmmm^izan^ 

nv^Jl^ommn 0 0 p pmTa&-5o -^-Wte, WMfi 30 

^oxgtt. iiii«aj 5 sfcttniscsj 6 \zmvrc:^mz^ 

[0 12 3] dO^. S*IIH^TT5 0 0~6 2 0 
esj^«5 5 or, 8»#PB^©iD^7n— ;|/$rfTl/i« ^ 

^^o\zmmzn\.xm7ts.^\fl\\zm^&mmnT 
xmmtLtz^^. 0 3\tm-)5\^\zm^iti.tz^ 40 

:i®2 0 3T5^^n'5«^[a]'\®i^flti. 2 
5 Aimg^Tft^. (08 (A) ) 

[0 12 4] ±.miiam^m\z^^mm\LiLm(r>'mz^ 
\z]y-^-%(Dmmz^r>^mm2 o sw^^tt^idg 

3 5 0mJ/cm' T^Sfk^frofc. 
[0 12 5] S!{kS5g]K2 o 5*^S-r^, 
^. M^2 0 6©^®iCjgJES$n^SE{t:IKfc|SIB#tC|^S 50 



■r-So -^-LT. ]^ma2 0 4$/1iS'-->i/^, K5-f 
X-;/5^>ybT. S^^©ffi'l4^mJ®2 0 8$Jgfig-r^. 
CKD^. a8 (A) -^2 0 6-CS$nfc®J®«, X-y^r 

x-y^r;i.^?;i5«S(c?¥ffi-r-5 3: t*t«S^$nTVi^, 

ni<DmM.x\t. '^(D^m(Dm.mzit^\^x—y^}V(D 

lc:*5t^T«. ffitt@2 0 SfCfeV^T, cine)©x-y'jr;i. 
[0 12 6] -ew^. 1 0 0^a%©:d<^^5r-&tJ 1 0 

mm. 5 0 o~6 0 or®, •f<i«e<j{ctt5 5 orwi^H 
^+(c*3ViT, iB$FB^i5:MT-£.c:<i:{cJ;-pT. 
(Mmm) 2 0 8 ©«®$K^b;^-t±, lf<t:S*M2 0 9 

^M-r^. mt^mm:om-^\ti 0 0 oAi-r-s. m 
m.it\z^-oxmi\cM.mB^2 0 Q^^m\^i^<D%. ss 

5'. T>^xTS?fflM (l^JE, 100%) , 4 0 or 

^LT, z.<n^mxmmz9^\^x. iss 

0. 6~4Atm, 0. 8~1. Aiim\Z\d—i; 

^ h-om!^^^ 3 0 ~ 1 8 0 #Mi* L, mtmmm 2 0 
9ic*fLTg{tmsS'M-r. uiiz.(D^. ^mmizo. 

1~1 0%©HC 1 S'SALTfeiVi. (08(B)) 
[0 12 7] §I^^V>T. ;^/1>yiS"J >^felCj;-3T, 
3 0 0 0~8 0 0 0 A, ^J;^(S6 0 0 0 A©7;i/5 
X>i7A (0. 0 1~0. 2%®X:^7>>?':7AS:^t;) 
figMT-S. -^-LT, T;U5X'^A]8^$/t:5'-x>i^L 
T, <:r-f htt®2 1 OS'J^fig-r^. (0 8 (C) ) 

[0 12 8] $^tc, c(Z)T)i5.-'yA<Dmm<Dmm^ 
mmmitvx. mm\zmit.mm2 1 i*j^*£-r^, cio 

^SSf^bti, 1 ~ 5 %#snfcx5'b->i/U n 

-;i'^^4'T?fT-5o %in^mtmm2 1 i®p$tt2 

0 0 OATfe-2),. fS.ii. Z.C0mi\1^2 1 1«, tgO-f ;t 

±tmmm^\:.x.mx'^tb^::iit)^x^^o (ms 

(D) ) 

[0 12 9] '^iZ. :t>H-tr>^yfe (y^XvH- 

tf>^7ffiTt>jcVi) tCctoT, m\tmmm (y-x/h* 
K>, 5^-\'^^;i/$rMtiEr-5) try-r h«Mgp, ffs-t^ 
h«@2 1 0 t-^(Dmm<^^<tm2 1 1 ^-^xi; 

TUP) ^^JdTSo K-tf>^:yxtLT, 
f > (PH, ) $^Vi, *P)S«J£<&6 0~9 0 k V. «SJ 
AtiSOkVtTS. K— X»«l X 1 0"~8 X 1 0 
"cm-',M^fi, 4 X 1 0" cm-' t-rs. C©!® 
^. N^CD^Mi^®^ 2 1 2 t 2 1 3 d 
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mm (^ymmfh^^o) ^i&m-r^±x'mi^T'$,^. 
mm izmm ^ nrzmmibm ^ffs. ^ icj - mmtm 

[0 13 0] U-^~yt<DmWZ^-oTT-- 

— (jftS2 4 8 nm, /'^^I/XiH 2 0 n s e c ) SrffltiS 10 

x.^)l^-^mt)^ 200~400mJ/cm' , 
^A«2 5 OmJ/cm' <hL. — *^R)f i'O^ 2 ~ 1 0 

wRgitB#tc»«* 2 0 o~4 5 ox:m&izmm-r^z.t 

iZ^-oX. ^^t:miz-&l'tbXh^\,^o ms (E) ) 
[0 1 3 1] i^V^T. JP^6 0 0 0Ac^®?{t^^M2 1 

-f 5 KM 2 1 S^Jgfigb, «®*¥aflirSo 20 

[0 13 2] -^-LT. mmfi&^m2 14. 2 1 5{czi> 

> JUS.— ^A<D^mmiz^r}XT FT (Dmm. • 
2 17, 2 1 8^m^-r^, iaffi©*mf?ffl 

^-e3 5 0'C. 3 0»cr)T~—)V^f7\'^. TFTiSrW-T 
STi'5^i':/VhUi7 7.©il?^lHlK$^fi£-r-5= (0 8 
(F) ) 

[0 13 3] :^mmmxf\FmvrzTFTit^^wsm^m 

#:65{c:tt^i!j**iN5^^:^'^;UT2 5 0 cm' /V s fitJi 

[0 13 4] Cilig^BJB] **ig0tj«, ^i£««J7«^fi£ 
O C D S:^ Ufe:fy^{C^M L- it ® -5 o 

EP-fe. sooAcDXtt (im) mmm^mm2 0 3(D 

^(cSiKW(C^Kl-fcJ?^ 5 00~2000A. «SJ^« 

-.y-y;u$r-g-#$-B-;tsoG«. d ci-ett:«]S:ji£;-ft;Mo 40 

OCD Type-2 ®y>H— y©#i|sf Si -5 
9 0 0 0-SGS:ffllV Z.<D^\Z=.y'trMt'^^^^m 

^fiKMbfc. ^Cit^S CCSDCl 5 Q°C(D-fV^—i7>S: 
fTt'i, «9ttiT2 5 O'CcD^^jiT^fT-:^;^.. C1CD4^3.70 

M*75^i*-r^^ tcojcmizis^^xmz-y ^jvtm^ 
yt, :tv>\z^-:3x^^htz$m\zmmitm\tz.<D^ 
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Mi'^m-^tZitZ 5 0"CTfe3fe55-icn-yy;i/75ti£t!lLTb 
r-So #e.nitTFT(Di^14«^M0lJ7Oife<t^i:|Rl# 

x-$>-z>rzo mstitzTFTcDy—hu^^^mmv, 

5. mi (2 0 0) g2i^f]a:;^coTv^^c:t*t«jfti^n 
it. 

[0 13 5] mmmd: :^nmm\t. ;^f^xs«jiic 

(PTFTtVi-p) iN5^-v^;i'^TFT (NTFT^: 

iaio{c*:*ss0ijcDf^Mxgcoi&f®ig^^To s-r, 

S« (3-X>i!^7 0 5 9) 3 0 l±fCXA->y^U 

fefci-pTP^2 0 0 0 AcDrnt^mcoymms 0 2^ 
T^^-r^. ■o'^\z)f^i? )i^7.i7 '^tz\-mi\:mMmM'\z^ 
•Dxm^-^ntz-^T.i' z 0 3^m.n^. c:©vxi7 3o 

3«. 3 0 OCDffiJS-rX'J>y htt{lTafett3 0 2i£rgS 
^•iJ-^o IP-^, 010 (A) ®<^^^±S75^f,^.5i:, X 

u y hmz-rmmzo 2ttBMLT43 0, 

[0 13 6] ±12-7X^7 3 0 3S:S2tt;t^, XAy^"J 
>^''j*t'J:oT. ;?$5~2 0 0A. 0iJA«2OA®^ 
{kzi'V'b-;!^]^ ({k#T?:NiSi. . 0. 4^x^2. 
5, ^J^«. x = 2. 0) 0 Q(Dm.i$.\zmiSimz^ 

[0 13 7] O^JC. y^XvCVDftfCioT, 
500~1500A. mPi.\-S:\ 0 0 0 AOK14 (I 

®#aK^ig]K3 0 4^fiEiK-r-5o -^LT. ^n^T^m 
m.7tnmmr? m^\.<\i. tk^w^e^^o. i~ia 

ffi) , 5 5 or. ^fcttTfi5ttl?H^{fc: (;*cajE) . 5 
5 0'C. X^nfi\7=.-}V\^X^^it^^^. Z.(Dm. 

m\:.~v'r)vmtmi3im\z^m^-^ntzz 0 o(Dm.m.\z^ 
v^Tti. ais3 0 \\znhxmmj5\^\zt¥^n'^mm:Z 

0 4CD^S{t:75^ec:^. ^LxT, M*^ 3 0 0 
T'tt, :55^3 0 5T?5^-rJ:^»::, fflJ^3 0 075^e,^*(^] 

[0 13 8] ±IBXiS©i^m. ?^^Sil^K3 0 4^ifg 

^. X/l!y5"J >^}*lrJ:oTi5$ 1 0 0 0 A«K^t3S 

mMsoe^Ey-Y vmmmiivx^mrr^. xa-^^'u 

'J >^^C!5S^aS«2 0 0~4 0 O-C, {»J^«3 5 0 
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TS€., Cl-^-r^diiT, V-X/HU-f >^1i&i^«j-r 

[0 13 9] ?l#ggliT, 7./-^'y:$'U>ifm\Z^-:>X, 

6 0 0 0~8 0 0 0 A. Ciil;tS6 0 0 0 A©T;1'5 10 
::i'i'A (0. 1 ~2 %©->>J =i>S:^t;) STfiKl^fS. 
[0 14 0] -e-bX. T;P5— >?AM*/'«:5'— r.>^U 

itmm3 0 8,31 o^m^-r^> :i(Dmm,mim. m 
1 ~ 5 %'^^nft:i^^u>ifu zj-jumm^-vn 
■Df^. nibtitzmitrnms 0 8. 3io®jp$ti2oo 

[0 14 1] *tC, ^>HffiAfCJ:oT, SttB^^ 

i.^T, y-f hmm3 0 7 t^(Dmm(Dmitm3 0 8, y 

h«S 3 0 9 ^^(DmmoiWtitm 310SrVXi7tb 

T-tLT, y^xy^> (PH, ) *5j;i;c>?rt^5> (b 

, H. ) $rfflVV Hfl#®«^«, SniS«EES:6 0~9 0 
kV. «a|^l^8 0kV. 4 0~80k 30 

V, ^J;^ti6 5 k Vt-r-5. H— X»ti 1 X 1 0" ~ 8 
xiO"cm-\ m^ii. P*2xi0"cm-', jj^-i? 
X 1 0" tT-S. K-tr>i^tC^bTtt. — :^(75 

^ffl^S 14 ^:3 16. P^®^M^®J^3 1 1 t 3 1 
3;i^Jg^$n, P^^^JUMTFT (PTFT) 
<tN5^^:^;USTFT (NTFT) t <73^I«<&}gJ5fe-r-2. 

[0 14 2] ^O^. U— tf-7¥:©Sgl+tCJ;oT7:^- 40 
;i/fTP, l^-if-^tUTtt, K r FX=^->Vl/— tf- 
(?SS2 4 8 nm. /tjI/X<@2 0 n s e c) $rfflti;t 

x:^^;U:^^— SB^di2 0 0~4 0 Om J /cm' . 
««J^t^2 5 Om J/cm' .hL. — T&^RlffCl^^ 2 ~ 1 0 

coFSWB#tcs«^2 0 o~4 5 orsfttcsn^-r-sci 
091 — if-7^®Sg|^lcJ;^T, SiSS^kA^'^atciifT 50 
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PM^{^-^-rs^*iE^*iH-:/^^afc^M^®J^3 
1 1 is 1 3. $e.{C«N^#-^-r^^feE#I*^H-yS 
nfc:^Mi^M«3 1 4t3 1 6«, ^^tcffitt^b^-BrS 

[0 14 3] :iCDi;S«, m^itl. 2fim) 

5^^«KiR $n^-r<. 1 0 0 0 m.&.±(Dm7 ——juz 
t>mm:r^i^m&3^7--j\,^'i7oz.t*iX'^^o ^® 

(Dx. i^yxmwL(r>m^f)mmti3.^j:m\z^\^^x\tm 

jgii;^ j£ T -5 <t I i X -5 , 

[0144] m^^x. PS 6 0 0 0 koym^t^Mm 3 1 

^■fb5^^>i:7;i/5r:':^AC0#BMtCJ:oTTF 
TO«® . g2i^3 1 7. 3 2 0. 3 1 9$rJg^-r-2). S 

^tc, i^BE<737K^irfflM-c3 5 ot:. so^j-oy-- 
TFT^mmm\zm&\^r:i^mwm^t:^^ 

Lfz, (miO (D) ) 

[0 1 4 5] ifBtCS^f [11SS«, PTFTtNTFTt 

ViT. 2-PCDTFT*iSINF{;:fP0, **-C^»r-r-5Cl t 
3fiS!:L.fcTFT*2o|S|P#{cf^S(-r^c:<hfc^ 

[0 14 6] m\UZ. m\0 (D) S:±®/i^?.arc«tS^ 

^■r. Eiiiic*3tt-5??^«iaio©^^^{c*tj$:-r^. ^11 

>rBi$:$)-tt^s L^c^sfcjt^ o T^a-r 

iz^^x^W]-r^, m-ox. =^r')7nmw]-r^miz^ 

[0 14 7] *jSSS0iJtC*5ViT«. N i Sr«Ar-5:i^ffi 
tUT. ^^Kg^mS 0 4TC0T«i^3 0 2±tCS^ 

esicN i S'^M mi^x»^^(Dx\ mtvxmm-r^z. 
t\tmmx$>^) tvxm^v. c:©gB^*^?,^ga^ft 

mz. m^m\z^i\:~y'r)vm^^mt^y3mx^^ 
y;i-<:t>^c©#^Kgi*M3 0 4ti3(ciis^e*j{caA 

fc#^^MS^a{'?*-r ^X ^r;i.O^ A^IS:tt. X' 
v^S-^ C V D j* (c J: -5 J; v\ 
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[0 14 8] mmmm :$:nmm\t. TO'r'<ym.(D 
[0 14 9] :^mmm(^i^^j:m(Dm.m^mi2\zyikTo 

5 9:*f7X*1£ (J?$ 1 . 1mm. 3 0 0X4 0 0m 
m) ^mmLfz. i-r, TifiM4 0 2 (i!-fbS3g) 

ny^u>ifmT-2 0 0 oA(Dm^\zm0S(.-r^. 
^bS^ii;. ^tz\ty:thUi^Xhmz^K>, -^xi/AO 

'J >;yftlCj;oT. 5~2 0 0 A.^JA«2 OA© 
ff${c?gfi£-r«). c:coSft:->;/^r;i/Mtt. -fb^SlN i s 

i. , 0. 4^x^2. 5, m^it. x = 2. 0T?^$ 
ni>, e:od;'5lcbT. S*?WfC^«4 0 4lC^{k->y 

[0 15 0] rots. LPCVDfifefeb<«y5X-7C 
VDfeT-#ffi»amiK4 0 5$:1 0 0 OA<Dm^izm^ 
L, 4 0 0*C-ClB#FB^IK*^{kSrfTo^c:^^. ftl^Tr:- 
MZj^^Tf^^^t^fro, ^©7--;Higtt. tK^S 
Tcll^H^T (»^L<«, 7j<^0^)-JE*^ 0 . 1~1^ 30 
JE) . 5 5 0"CT4^FB^fTofc. SfeeicOJOf^T^-;!/ 

[0 15 1] ;i®7--;i/XS(cfeViT, 
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